Abstract. Dynamic economic dispatch is to minimize the cost of power production of all the participating generators over a time horizon of 24 hours in one day. The dynamic economic dispatch with non-smooth cost functions, for which is formulated the optimal dispatch model of generations by considering the ramp up/down scheduling of power. This paper presents a Bee Colony Optimization (BCO) that applies the Taguchi Method (TM) to solve the Dynamic Economic Dispatch problem. The Taguchi method that involves the use of orthogonal arrays in estimating of the non-smooth cost function and Bee Colony Optimization is used to find the objective function under the operational of system constraints. The Taguchi method can global optimization for fast local convergence by minimizing the cost function in a few iterations. The effectiveness and efficiency of the TM-BCO is demonstrated by using a 10 unit of IEEE case with non-smooth fuel cost functions and is more effective than other previously developed algorithms. Moreover, the proposed approach presents significant computational benefits than traditional random search method especially for multi-unit systems with larger numbers of nonsmooth cost functions and more complicated dynamic economic dispatch.
Introduction
The Dynamic Economic Dispatch (DED) problem is to determine the optimal power outputs of all generating units to minimize total fuel cost while satisfying the operational constraints and load demand. DED is the complexity of search space, which the probable large number of variables in scheduling process and complicated constraints. The DED of non-smooth cost functions is a complex and high-dimensional problem with multiple constraints. A number of approaches have been developed for solving the DED problem. The two-step method is proposed to solve the DED with valve-point effect in [1] and the harmony search algorithm employed to solve the DED problem for Micro-grid in [2] . Recently, some artificial intelligent techniques have been presented to solve the DED problem and have shown their effectiveness in [3] [4] . The Bee Colony Optimization (BCO) employs employed bees, onlooker bees and scout bees moving patterns to research the feasible solution in [5] . ___________________________________ The BCO has many of the advantages of biological intelligence in searching and it has stability in higher-dimensional search. The Taguchi Method (TM) of experimental design has been widely used in industry and the objective function will be best obtained by changes in these primary factors in the direction indicated. The [6] [7] employ the Taguchi Method that involves the use of orthogonal arrays to solve the economic dispatch problem with non-smooth cost functions. The present paper applies the Bee Colony Optimization with Taguchi method to solve DED problem with non-smooth fuel cost functions. In the BCO-TM procedure, the Taguchi Method is embedded in the BCO in order to improve the behaviour patterns of each bee swarm and increase its search efficiency and accuracy in high dimensions. The TM-BCO for dynamic economic dispatch problems to increase the searching efficiency and the proposed method is feasible, robust, and more effective than previously algorithms.
The problem formulation
The dynamic economic dispatch planning of ancillary service shall satisfy the electric energy demand, and must consider whether the generators can ramp up or down the power in a short period of time. The mathematical model of power dispatch has multiple variables, which are mostly confined to the constraints of generator characteristics. The dynamic economic dispatch problem is to minimize the total operating cost. The total operating cost includes fuel cost and start cost of units which is formulated as (1). where h is the scheduling hour and n is the total number of generators. are the maximum and minimum generation limits of unit i at hour t .
The proposed methodology
In this paper, the Taguchi Method (TM) integrated with Bee Colony Optimization (BCO) to enhance the performance of the optimization approach. This BCO mimics the food foraging behaviour of honey bees and the swarm also consists of three categories, scout bees, employed bees, and onlooker bees. The Taguchi method of experimental design is a suitable method for parameter optimization problems with a given computable and this research is to minimize a cost function.
Bee colony optimization
The BCO includes the employed bees, onlooker bees phases, and scout bees phases and can be described as follows.
Employed bees
The better part of the employed bees fly considering the social and cognitive information achieved by the swarm. Each bee knows its current optimal position of personal experiences and also knows the current global optimal position among all bees in the population. The employed bees try to reach compatibility between local search and global search. Each employed bee makes a change on the position of food sources to generate a new food sources in the neighbourhood and as (9).
where rand is the random numbers between 0 and 1; 1 c and 2 c are the acceleration constants in this paper set to 2.05 and 2.05; T is the current iteration and max T is the maximal iteration set to 200; eb Pbest is of the population best solution and Gbest is global optimal solution of employed bees at iteration T ; eb is the number of employed bee population and 1 N is the total number of employed bee.
Onlooker bees
The onlooker bees in the bee colony optimization will follow the employed bees to obtain nectar information and modified by using the probabilistic selection method as (10) to follow the employed bees as (11).
is the better Cost value at the food source; ob is the number of onlooker bee population and 2 N is the total number of onlooker bee.
Scout bees
In the BCO, the scout bees working model was modified to the average value of the global optimum solution and all solution locations as (12) and (13).
where L is the average of all variable solutions in the iteration T ; sb is the number of scout bee population and 2 N is the total number of scout bee. The population size for employed bees, onlooker bees, and scout bees are total population 40%, 40%, and 20%, respectively and total population size is set to 100.
Taguchi method
For example, the unit in Taguchi Method of non-smooth cost function. The )
is a cost function of several variables as Figure 1 . and that is IEEE 3 units system for economic dispatch with valve point effects. In Taguchi method, a subset of the possible value combinations is used and to reduce the time consumed in conducting experiments. The Taguchi Method based on orthogonal arrays is introduced and chosen to provide sufficient information to determine the effects of each factor. 
The Taguchi Method array in 
Bee colony optimization with Taguchi method
Bee colony optimization with Taguchi method for dynamic economic dispatch approach proceeds as shown in Figure 2 . 
Simulation results
This case consists of 10 generator units considering the valve-point effects for dynamic economic dispatch. Exactly the same data of all units as given in [8] will be used in this example and the load curve of 24 hours in one day as shown in figure 3. The algorithms were implemented in the programming language Matlab 2014b with Intel Core i7 3.2GHz computer was used. Table 1 shows the results of TM-BCO programming during a total scheduling of 24 hours. The TM-BCO simulation result is given in Table 2 . From Tables 2  and 3 show that the proposed algorithm did have a more robust structure and a better capability to avoid local optimum and explore new solution territories. Table 3 shows the maximal, minimal and average converged cost, average number of generations to converge and average execution time achieved by various methods over 100 runs. This paper uses TM-BCO to calculate the minimal converged cost is 1031492.40(NT$) and average execution time is 1.72(sec.). Table 4 shows the PSO, BCO, TM-PSO and TM-BCO of 24 hours minimal cost for dynamic economic dispatch. The convergence characteristics for PSO, BCO, TM-PSO and TM-BCO as shown in Figure 4 . Fig. 4 . The convergence characteristics for method.
Conclusions
The Bee Colony Optimization with Taguchi Method is capable of solving the constrained dynamic economic dispatch problem. The TM-BCO was incorporated the orthogonal arrays to select a better unit factor, consequently enhancing BCO. The TM-BCO can provide a powerful global exploration capability of IEEE 10 units. From test result proved the effectiveness of the proposed algorithm in solving dynamic economic dispatch problems under a reasonable execution time. The TM-BCO has great potential for further applications for solving the economic dispatch problems in real-world applications.
